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Abstract. Hybrid organic / inorganic films, composed of poly 4-aminoquinolidine (PAQ) matrix and Prus-
sian blue – like copper hexacyanoferrate (CuHCFe) redox centers were prepared. Platinum disk (Pt) was 
used as a conductive substrate onto which the hybrid films (Pt/PAQ/CuHCFe) were electrodeposited by 
potential cycling. Electrochemical behavior of the modified electrode was well characterized using cyclic 
voltammetry technique. The hybrid film modified electrode showed improvement in the electrochemical 
response in aqueous and non aqueous media compared with the polymer film (PAQ) single layer. Moreo-
ver a good electrocatalytic activity towards the oxidation of hydroquinone (H2Q) was observed. In addi-
tion, the electrode exhibited a distinct advantage of good chemical and mechanical stability. 
(doi: 10.5562/cca1920) 
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INTRODUCTION 
Since the pioneering works in the mid-1970s,1 the field 
of chemically modified electrodes (CMEs) has evolved 
into a widely and intensively researched area. To date, 
the CMEs in many manifestations have been studied 
from the fundamental aspects as well as in diverse 
applications including corrosion inhibition, electroca-
talysis, electrochromic biosensing and electroanalysis.2 
Various organic and inorganic modifiers have been 
immobilized on electrode surfaces to prepare chemi-
cally modified electrodes.3–5 Among the inorganic 
materials, transition metal hexacyanoferrates 
(MeHCFe) have been studied extensively because of 
their outstanding properties. These compounds show 
reversible insertion electrochemistry6,7 and electroch-
romism,8,9 the capability to be used in rechargeable 
batteries10,11 and possess electrocatalytic activities.12,13 
Hybrid materials were obtained as a two layer compo-
sition with an organic polymer sub-film and inorganic 
MeHCFe cover. Opposite geometry is also proposed in 
some cases.14–18 Despite a sequence in the film prepa-
ration, an electrochemical way can be used for synthe-
sis of both polymer and MeHCFe. Chemical way is 
also applied.17,19 The electrochemical deposition 
process that leads to the formation of the hybrid mod-
ified electrode on the Pt electrode surface needs to be 
carefully controlled. The fabrication of a chemically 
modified film electrode is easily controlled by using 
consecutive cyclic voltammetry (CV) synthetic proce-
dure, in which an increase in the peak current of an 
appropriate redox couple of the modified film indi-
cates that the film is formed.19 In our previous study, 
4-aminoquinolidine (AQ) was polymerized in aqueous 
medium to give an electro active film (PAQ). Also, it 
was shown that the PAQ can be loaded by Ni2+ ions to 
give stable polymer films with reasonable redox re-
sponse.20,21 This paper aims to improve the PAQ mod-
ified electrode by the formation of a composite mod-
ified electrode with the inner organic polymer film 
(PAQ) and the outer layer composed of inorganic 
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EXPERIMENT 
4-aminoquinolidine (AQ), shown in Figure 1, hydroch-
loric acid (HCl), sulfuric acid (H2SO4), potassium ferro-
cyanide (K3[Fe(CN )6]), potassium chloride (KCl), cop-
per chloride (CuCl2), lithium chloride (LiCl), sodium 
chloride (NaCl), cesium chloride (CsCl), ammonium 
chloride (NH4Cl), acetonitrile (CH3CN), lithium perclo-
rate (LiClO4) and hydroquinone (H2Q) were analytical 
grade chemicals (Aldrich) and were used without fur-
ther purification. Aqueous solutions were prepared from 
double distilled water. Electrochemical measurements 
were carried out using the EG&G PAR 273 potentiostat 
with the computer controlled measuring system (model 
250) and X-Y Hewlett-Packarad recorder model 7440. 
A three electrode electrolytic cell (Bioanalytical Sys-
tem, model C-1A) with a platinum disc electrode (Pt, 
3.0 mm diameter), which was the working electrode, a 
platinum sheet (area 2 cm2) as a counter electrode and 
(Ag/AgCl) reference electrode were used. Before the 
modification, the Pt electrode substrate was activated by 
polishing with successively finer grade aqueous alumina 
slurries (grain size 5–0.5 μm) on a polishing cloth. The 
composite layers of Pt/PAQ/CuHCFe were grown on Pt 
by potential cycling using CV technique in the modifi-
cation solutions. The first solution contained 10−3 M AQ 
in 0.2 M aqueous H2SO4. The electrode was cycled in 
the potential range between −0.3 and 0.8 V for 5 cycles, 
at scan rate 0.1 V/s. Then it was rinsed by double dis-
tilled water, dried and dipped in the aqueous solution 
containing 0.4 M HCl, 0.4 M KCl, 10−3 M CuCl2 and 
0.1 M K3Fe(CN)6 to deposit the outer later. Typically 20 
full potential cycles were applied in the potential range 
from −0.3 to 1 V, at scan rate 0.1 V/s. Then the elec-
trode was rinsed by double distilled water and dried. 
The prepared composite modified electrode was used in 
further measurements.14,20 
 
RESULTS AND DISCUSSION 
Electrochemistry of the Composite Electrode 
The representative cyclic voltammograms recorded at 
Pt, Pt/PAQ and Pt/PAQ/CuHCFe electrodes are shown 
in Figure 2 for 0.2 M NaCl. This figure shows that the 
Pt/PAQ modified electrode gives weak redox response, 
while the Pt/PAQ/CuHCFe composite modified elec-
trode exhibits an oxidation peak at 0.28 V and the cor-
responding cathodic peak at 0.14 V. The improvement 
of the redox response in case of Pt/PAQ/CuHCFe com-
posite electrode could be due to the propagation of 
charge to the CuHCFe centers incorporated in the poly-
meric matrix. It is expected to be fast and the stability is 
increased.14,21,27 In addition, the effect of potential scan 
rate on the electrochemical properties of 
Pt/PAQ/CuHCFe were studied in 0.2 M NaCl aqueous 
solution by cyclic voltammetry.28–30 
 
Factors Affecting the Electrochemical Preparation of 
the Composite Modified Electrode 
The effect of the film thickness (the number of cycles) 
on the composition and electrochemical characteristics 
of the resulting films was investigated. The peak current 
of the redox peaks was taken as an index following the 
 
Figure 1. The structure of 4-Aminoquinolidine. 
Figure 2. The electrochemical response of (---) bare electrode, 
(-.-.) Pt/PAQ modified electrode and (___ ) PT/PAQ/CuHCFe 
composite modified electrode in 0.2 M NaCl solution at scan 
rate 200 mV/s. The modified electrodes were prepared as it is 
described in the text. 
Figure 3. The redox response of Pt/PAQ/CuHCFe composite 
electrode. The outer layer is prepared in the following poten-
tial ranges: (---) −0.3 to 1 V, ( __ ) −0.3 to 0.9 V, (-..-) −0.3 to 
0.8 V, (-.-) −0.4 to 1 V and (….) −0.2 to 1 V, all in 0.2 M NaCl 
solution at the scan rate 75 mV/s. The other conditions are as 
in the text. 
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thickness increase of the polymer film with the number 
of the cycles used in the polymer film formation. It was 
found that for the first layer (PAQ) the higher number of 
cycles decrease the response of the composite film. This 
observation is in the agreement with our previous re-
sults.14,21,28–31 The optimal condition of the first layer 
was found to be 5 scans. The optimal condition of the 
second layer thickness was also investigated and it was 
found to be 20 scans. The influence of potential range 
for first and second layers was studied. It was found that 
the higher redox currents were obtained when polymeri-
zation potential range for the first layer was between 
−0.3 and 0.8 V at scan rate 0.1 V/s. For the second layer 
Figure 3 shows the effect of the potential range on the 
redox response of the composite modified electrodes. 
The best potential range is between −0.3 V and +1 V at 
scan rate 0.1 V/s. The electrodeposition of the second 
layer was carried out from an aqueous solution contain-
ing KCl, CuCl2, K3Fe(CN)6 and HCl. The effect of con-
centrations of these constituents was investigated. Fig-
ures 4–7 show that the concentrations of these com-
pounds can affect the redox response of the resulting 
modified electrodes, which agrees with the mechanism 
of the formation of the second layer mentioned in the 
introduction part.22–26 From these figures we can see that 
the optimum conditions are 0.4 M KCl, 1×10−3 M 
CuCl2, 0.1 M K3Fe(CN)6 and 0.4 M HCl. 
 
Permeability of Composite Modified Electrode towards 
Counter Ion 
It has been established that metal hexacyanoferrates 
show selective permeability towards the cations in the  
Figure 4. The redox response of Pt/PAQ/CuHCFe composite
electrode in 0.2 M NaCl solution, at scan rate 75 mV/s. The
outer layer is prepared in the following concentrations of KCl:
(-..-) 0.2 M, (-.-) 0.3 M, (---) 0.4 M and (__) 0.5 M. The other
conditions are as in the text. 
 
Figure 7. The redox response of Pt/PAQ/CuHCFe composite 
electrode in 0.2 M NaCl solution, at scan rate 75 mV/s. The 
outer layer is prepared in the following  concentrations of 
HCl: (-..-) 0.2 M, (__) 0.3 M, (-.-) 0.4 M and (….) 0.5 M. The 
other conditions are as in the text. 
 
Figure 5. The redox response of Pt/PAQ/CuHCFe composite
electrode in 0.2 M NaCl solution, at scan rate 75 mV/s. The
outer layer is prepared in the following  concentrations of
CuCl2: (
_.._) 9×10−4 M, (---) 1×10−3 M, (-.-) 2×10−3 M and (__)
3×10−3 M. The other conditions are as in the text. 
Figure 6. The redox response of Pt/PAQ/CuHCFe composite
electrode in 0.2 M NaCl solution, at scan rate 75 mV/s. The
outer layer is prepared in the following concentrations of
K3Fe(CN)6 : (
__) 0.05 M, (…..) 0.08 M, (----) 0.1 M and (-..-)
0.2 M.  The other conditions are as in the text. 
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supporting electrolyte. Figure 8 shows the cyclic vol-
tammograms of Pt/PAQ/CuHCFe electrodes in 0.2 M 
aqueous chloride solutions. The results illustrate that the 
redox response of the composite modified electrode 
depends on the cation present in the supporting electro-
lyte. This figure presents comparative cyclic voltammo-
grams for the modified electrode in the six solutions of 
different supporting electrolytes. It is well known that 
CuHCFe film is permeable membrane for cations such 
as H+, Li+, K+, Na+, Cs+ and NH4
+. These cations can 
react with inorganic film by incorporation into their net 
structures, to maintain charge balance. The redox 
process observed is accompanied by the incorporation 
of cations from the electrolyte solution during the PAQ/ 
CuHCFe oxidation/reduction process the cations incor-
poration is a complicated problem, so several reports 
indicate that the permeability of hexacyanoferrates de-
pends on hydrated ionic radii of cations.32–37 However 
other reports indicate that the permeability is not in 
accordance with the order of hydrated ionic radii.38–40 
Thus the hydrated ionic radius of the insertion ion is not 
exclusively the determining factor. The permeability of 
metal hexacyanoferrates towards counter-cations is such 
complicated problem that there is a great difference in 
the permeability of the hexacyanoferrates. Besides the 
radius of the cation, the major factors influencing the 
permeability of the cation also include the radius of the 
ion channel in hexacyanoferrates, the interactions be-
tween the cation and the hexacyanoferrate, including 
electrostatic interactions, the ionic polarities, the dehy-
dration ability of the cation before entering the channel 
of the hexacyanoferrate, etc.41 It seems that Na+ ion 
matches the ion channel of CuHCFe most closely and 
CuHCFe possesses the best selectivity for Na+ ion as a 
counter ion of the above monocations. This property of 
the hybrid CuHCFe may be used for cation recogni-
tion.40 
The Electrochemical Response of the Composite  
Modified Electrode in non Aqueous Medium 
The redox response of the Pt/PAQ/CuHCFe electrode in 
CH3CN solution containing 0.1 M LiClO4 is shown in 
Figure 9. The voltammograms exhibit an oxidation peak 
at 0.72 V and the corresponding cathodic peak at 0.5 V. 
The effect of scan rate was studied and shown in the 
same figure. It illustrates that the redox response in-
creases with scan rate. This means that the composite 
modified electrode is also electroactive in both aqueous 
and non aqueous media. 
 
Stability of the Hybrid Modified Electrode 
The stability of the Pt/PAQ/CuHCFe modified electrode 
was studied during potential cycling and long-term 
usage. The effect of potential cycling on the hybrid 
modified electrode was investigated for this purpose. 
The repetitive cyclic voltammograms were recorded as 
the potential was scanned between 0 and 0.9 V (vs. 
Ag/AgCl) with scan rate of 0.1 V/s. It is noticeable that 
the deposited film is stable for several potential cycles. 
Figure 8. The redox response of Pt/PAQ/CuHCFe composite
electrode in 0.2 M of different chloride ion solutions, at scan
rate 200 mV/s. The films prepared as in text. (--)NaCl, (-..-)
NH4Cl, (__ ) KCl, (-.-)LiCl, ( ) CsCl, ( )HCl. 
Figure 9. The redox response of Pt/PAQ/CuHCFe composite 
electrode  in 0.1 M LiClO4/CH3CN  at different scan rates. 
The film is prepared as in the text. 
Figure 10. The redox response of Pt/PAQ/CuHCFe composite 
electrode in 0.1 M LiClO4/CH3CN at 100 mV/s scan rate, for 
150 repetitive scans. The film is prepared as in the text. 
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The peak current of the hybrid film was considered as a 
factor indicating the stability of the modified electrode. 
The anodic peak potential was unchanged, but the anod-
ic peak current changed somewhat. The modified elec-
trode stability was measured in 0.2 M NaCl with 200 
cycles. Also the stability of the composite electrode was 
measured in non aqueous medium CH3CN/LiClO4 . The 
modified electrode showed good stability in this me-
dium. Figure 10 shows the stability of the composite 
electrode towards the repetitive cycling (150 scans), 
recorded as the potential was scanned between −0.3  and 
1.0 V (vs. Ag/AgCl) with scan rate of 0.1 V/s. The 
above results indicate that the hybrid modified electrode 
is fairly stable in aqueous and non aqueous media. This 
confirms that the formation of hybrid film improves the 
stability of the modified electrode compared to the sin-
gle component film. 
 
Electro Catalytic Behavior of Pt/PAQ/CuHCFe Hybrid 
Film 
Electrolytic oxidation is an effective method to remove 
organic pollutants e.g. hydroquinone, but usually it is a 
high energy cost technique due to high oxidation poten-
tial and low reduction potential of pollutants. Therefore, 
the key task for electrolytic oxidation is to lower the 
oxidation potential or increase the reduction potential, 
as to reduce the energy cost. Figure 11 illustrates the 
cyclic voltammograms obtained for the electrooxidation 
of hydroquinone at Pt/PAQ/CuHCFe composite mod-
ified  electrode and the naked Pt electrode in 1.5 M 
HNO3 aqueous solution containing 0.4 M H2Q in poten-
tial range between −0.4  and 1 V at scan rate 0.1 V/s. At 
naked Pt electrode the anodic peak appears at 0.71 V 
and the corresponding cathodic peak appear at 0.0 V. 
Also the anodic peak current is 26 mA. At the modified 
electrode the anodic oxidation peak appears at 0.55 V 
and the corresponding cathodic peak appears at 0.05 V, 
and there is an increase in anodic peak current to 30 
mA. This indicates that the catalytic effect is visible as a 
shift of the oxidation potential to less positive values 
and as a decreasing in gap between the anodic and ca-
thodic potential (Epa − Epc = ∆ E). The increase in the 
current height illustrates the catalytic effect of 
Pt/PAQ/CuHCFe composite modified electrode.21,28–31 
 
CONCLUSION 
Using consecutive cyclic voltammetry, Pt/PAQ/ 
CuHCFe hybrid modified electrode was successfully 
synthesized directly by deposition of PAQ and then 
CuHCFe on the electrode surface. The CuHCFe cover 
depends on the potential range applied, concentration of 
the solution constituents during the layer-deposition and 
also on the nature of electrolyte during the redox re-
sponse. The nature of cations of the supporting electro-
lyte in the redox response process has an important 
effect on the redox reaction and consequently on the 
current peak. Hybrid material exhibits high stability and 
faster ionic transport in comparison with single compo-
nent film. Stability of the hybrid modified electrode can 
be studied by using the repeating scan method. The 
hybrid film shows good stability in aqueous and non-
aqueous media compared to the pure one. Electrodes 
modified with Pt/PAQ/CuHCFe have good electrocata-
lytic effect towards H2Q electrooxidation. 
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